What signals the fragmentation and/ or secretion of these fragments? Since the various keratin fragments appear to have different antimicrobial specificities, might assault by different bacteria result in different patterns of fragmentation? Furthermore, cytokeratin 6A is present in many other sites in the body exposed to microbes, such as the skin, hair, teeth, and various mucosal surfaces, and it is unclear how widely used this keratinbased antimicrobial defense might be. Hopefully, some of these questions, and others not posed, will be answered in the future. In addition, as Tam et al. suggest (8) , these keratin-derived antimicrobial Looking in the miR-ror: TGF-β-mediated activation of NF-κB in glioma
The explosive growth in our understanding of the molecular underpinnings of glioblastomas has served as an instructive paradigm for other cancers. However, the exact nature by which many of the pathogenic drivers connect is less well known, and elucidation of relationships between critical genetic and signaling alterations may inform the development of therapeutic approaches to the disease. In this issue, Song et al. identify miR-182 induction as a mechanism by which TGF-β stimulation aberrantly activates NF-κB signaling in glioblastoma cells, clarifying a critical point of crosstalk between molecular signaling pathways. Their findings provide a greater understanding of the complex interplay between signaling pathways in cancer that may ultimately prove useful in the development of synergistic targeting approaches.
Glioblastoma (World Health Organization grade IV glioma) is the most prevalent primary brain tumor; these highly lethal cancers are characterized by alterations in multiple critical intracellular signaling networks as well as by inactivation of tumor suppressors (1). Although specific pathways and molecules are frequently hyperactive and appear dominant in glioblastoma, unilateral molecular targeting approaches have been disappointing clinically. For example, most glioblastomas display hyperactive EGFR signaling as a result of increased receptor copy number or oncogenic activating mutations. However, single-agent EGFR targeting has not been successful in clinical trial (2). Because glioblastoma cells display plasticity in signaling networks without addiction to any one oncogene, successful therapy will require multipronged approaches that impede various active pathways for success with molecularly targeted agents (3). In theory, identification of signaling keystones and their interactions within the structurally complex architecture of glioblastoma will inform the development of effective therapeutic approaches to topple the colossus of cancer signaling.
Mapping the signaling axes
The multiple concerted signaling alterations that contribute to the malignant characteristics of glioblastoma have been interrogated by many researchers. NF-κB pathway activation has emerged as one of the critical central signaling axes in glioblastoma cells. NF-κB signaling can be activated by EGFR signaling, which is often a key feature of gliomas (4). Similarly, the constitutively active EGFRvIII mutant often present in glioblastoma activates NF-κB signaling (5) . NF-κB is classically activated by inflammatory-related mechanisms, which also may be present and of oncogenic importance (6) . In addition, recent work demonstrates that deletion of NF-κB inhibitor-α (NFKBIA, which encodes IκBα) in glioblastomas with nonamplified EGFR is associated with shorter patient survival, which suggests that NF-κB signaling is a central node in oncogenic signaling both in EGFR-amplified and nonamplified glioma (7) . It is worth mentioning that signaling via other activated receptor tyrosine kinases (RTKs) can also stimulate NF-κB signaling. Thus, NF-κB is a central pathway mediating the effects of mitogen-activated signaling pathways like PDGFRA, ERBB2, and MET (1).
of the fact that recent findings suggest that a subset of gliomas harbor heterozygosity for NFKBIA deletions (7). One could imagine that if miR-182-mediated CYLD repression preferentially activates NF-κB signaling via hyperubiquitinylation or inhibition of IκBα, anti-miR-182/TGF-β approaches may be more effective in completely inactivating NF-κB activity in tumors that harbor heterozygous NFKBIA deletions (Figure 1) . Alternatively, if miR-182 repression of CYLD preferentially acts on NF-κB signaling via NEMO or RIP, the efficacy of antimiR-182 approaches could potentially be less synergistic with alternative therapies in tumors heterozygous for NFKBIA.
Caveat experimentor
Song et al. investigated the role of this TGF-β/miR-182/CYLD/NF-κB signaling network largely in serum-cultured cell lines, although the authors did provide some validation of certain key findings using patient-derived glioma cells (13) . These cells were cultured using stem cell-permissive conditions, which more appropriately maintain tumor cell populations that reflect in vivo parental tumors than does passage in serum-based cell line culture conditions (14) . However, this study did not explicitly address the role of this signaling in the various tumor cell subpopulations Furthermore, they demonstrate miR-182-mediated suppression of the CYLD deubiquitinase, which typically functions as a negative regulator of NF-κB signaling via deubiquitinylation and resultant deactivation of multiple NF-κB intermediaries. The tumor-suppressive role of CYLD was verified by demonstrating that restoration of CYLD expression inhibited tumorigenesis in xenografted human gliomas, and the relevance of this finding was extended further when the authors found that human glioma patient survival directly correlated with CYLD expression. Derepression of NF-κB via miR-182 targeting of CYLD resulted in increased IKK activity, while also contributing to the aggressiveness of glioma cells in vitro and in vivo. The authors found that glioma cell expression of miR-182 results in increased polyubiquitinylation of RIP, NEMO, and IκBα (ostensibly via repression of CYLD deubiquitinase), while miR-182 inhibition resulted in decreased polyubiquitinylation and decreased IKK kinase activity (13) . However, still to be determined is the relative role of CYLD in deubiquitinylation of each of these targets and how modulation of each of them hyperactivates NF-κB signaling in glioma. This determination could be particularly relevant in the development of treatment approaches for glioma, in light TGF-β-mediated signaling has paradoxical protumor effects in advanced tumor types, including glioblastoma, despite its tumor-suppressive role in normal tissues and in early-grade tumors (8) . Active TGF-β signaling is associated with poor patient prognosis in glioblastoma (9) , and multiple cellular alterations are known to be involved in the TGF-β switch from tumor-suppressive to tumor-promoting action in gliomas, including the methylation status of PDGF-B, PI3K/Akt-mediated FOXO1 inactivation, and high MYC activity (10) . Additionally, although TGF-β typically represses NF-κB signaling in normal cells, recent evidence suggests an aberrant ability of TGF-β signaling to activate NF-κB signaling in several different cancers (11, 12) as a means of promoting malignant tumor cell phenotypes. However, the exact nature of the link between NF-κB and TGF-β signaling in glioma has to this point been relatively unclear.
A microRNA bridges two pathways
In the study reported in this issue of the JCI, Song et al. demonstrate a novel mechanism by which TGF-β stimulation may sustain NF-κB activity in glioma cells (13) . They elucidate a connection between TGF-β stimulation and increased expression of the microRNA miR-182.
Figure 1
Effects of TGF-β signaling in glioblastoma. TGF-β signaling is dysregulated on several levels in cancers, including glioblastoma, and mediates many systemic (immunosuppressive and angiogenic) and cellular effects. In contrast to other cancers, the canonical TGF-β pathway (ligand receptor/Smad mediators) is not commonly mutated in glioblastomas. However, modifiers of TGF-β signaling (e.g., FOXO, FOXG1, BF1, and USP15) and interaction with other pathways lead to a shift from primarily tumor-suppressive effects (e.g., antiproliferation) to oncogenesis. Targeting the interactions between TGF-β and NF-κB signaling may offer therapeutic options. Amplification of EGFR, an NF-κB activator, and mutation of NFKBIA (a NF-κB inhibitor) are mutually exclusive and may inform the effects of two miRs that regulate NF-κB activity, miR-182 and miR-30e*. The role of TGF-β and its relationship to other signaling pathways in gliomas contradicts the growth-suppressive effects and alternative signaling effects of TGF-β in noncancerous cells, such as astrocytes.
critical interweaving pathways that would be optimally targeted for a given tumor. Specifically relevant here, these factors may help determine the relevance of NF-κB derepression via TGF-β-mediated miR-182 expression described by Song et al. Finally, it is intriguing to consider the possibility that many pathways also play a role in resistance to gold-standard therapies such as radiation and chemotherapy. Relevant to this current study, there is evidence that miR-182 may decrease DNA repair (and thus sensitize tumor cells to radiation) via downregulation of BRCA1 (18) . Perhaps identification of miR-182 expression levels in tumor tissue could aid in identification of tumors with precipitous genetic instability that could be taken advantage of via DNA-damaging treatments.
The sixth-century Chinese military strategist Sun Tzu wrote, "If the enemy leaves the door open, you must rush in" (19) . As our understanding of the complex interplay between glioblastoma signaling pathways and genetic characteristics improves, more doors of therapeutic opportunity will open. In this way, the findings of this study not only highlight a novel signaling pathway within glioblastoma, but also identify a potential chink in the armor of glioblastoma.
